Due to globalization, logistics has become an important part in the supply chain. Many logistics service providers have realised the importance of adoption of technologies that can help manufacturers, warehouses, and retailers to communicate with each other more efficiently. Among many logistics technologies, Radio frequency identification (RFID) has been identified as an important technology to improve logistics operations and supply chain management, and thus is increasingly gaining both practitioners' and researchers' attention. The purpose of this study is to identify the impact of usability features of RFID in the adoption of the technology by the logistics sector in the UK. We have used questionnaire survey method to collect data from the UK Logistics firms. The analysis of the data shows that the usability of RFID technology positively influences adoption of technology. We have further tested the moderating effects of firm size, experience with barcode use, and government support in adopting RFID. Our results show that government support strongly moderates the link between usability of RFID and its adoption but size and experience with barcode do not moderate this link. We elaborate the contributions of the study and managerial implications of our results in this paper.
Introduction
Due to globalization, logistics has become a strategic factor in creating competitive advantage in supply chains. With help of efficient and effective logistics, it is possible to ensure smooth flow of raw materials, products and related information from the primitive occurring points to the final consumption points (Bowersox and Closs, 1996) . Since the contribution of logistics in the overall competitiveness of companies has been recognised by companies, many of them have realised the need to adopt technological innovations (Lin and Ho, 2009a) . Several technologies are available for improving the efficiency and effectiveness of integrated global logistics. They are related to expert systems and artificial intelligence, and include technologies such as Enterprise Resource Planning and Radio Frequency Identification (RFID).
Radio frequency identification (RFID) is one such recent innovation in the logistics industry, and is the focus of the research reported in this paper. RFID is a type of famous autoidentification technology that uses radio frequency (RF) waves to identify, track and locate individual physical items. A typical RFID system consists of three components: an antenna, RFID tags, and a RF reader. This technology is widely used in many applications including manufacturing and distribution of products (Cardiel et al., 2012; Lin and Ho, 2009a) , Businessto-Business (B2B) logistics, Business-to-Consumer (B2C) marketing and after-sales service (Curtin et al., 2007) .
Since firms have recognised the potential of RFID in integrating their logistics activities, its adoption has been growing regularly. For example, the US retail giant Wal-Mart has been using RFID in their operations for the past few years. From January 2005, the company has also insisted its top 100 suppliers to adopt RFID (Lin et al, 2005) . Many other big companies such as Federal Express, Dell, Proctor and Gamble, and the American Defence Department have also adopted RFID technology in their supply chain systems (Lin and Ho, 2009a) . Due to the increasing popularity of RFID, several research studies have recently been conducted to understand the impact of the technology on performance of firms. Many research articles have focused either on the general overview of RFID or on the applications of RFID in various industries such as fashion (Luyskens and Loebbecke, 2007; Moon and Ngai, 2008) , services (Lee et al., 2008) , retail and manufacturing sectors (Bhattacharya et al., 2008) , library (Rong, 2004) , and automotive industry (Schmitt et al., 2007) . However, there is a limited discussion in understanding the impact of usability of RFID on its adoption, and in understanding how this relationship gets affected by other related factors, especially in the logistics sector. In this study, we first try to understand the relationship between the usability of RFID and the adoption, and then check whether this relationship is moderated by (i) the size of the company, (ii) experience with the current technology (barcode) being prominently used by the company and (iii) the level of government support for RFID.
Research Background and hypotheses development

2.1
Background study on RFID RFID is one of the latest identification technology used in various applications. Based on the level of usage, ranging from 1 meter to several meters, the cost of RFID tags are also different. Attaran (2007) has described the RFID technology in simple terms. Accordingly, RFID tags are the chips that are embedded in the product, pallet, or case. They are used to store and transmit information about the specific unit. RFID readers are radio frequency transmitters and receivers, controlled by a micro-processor or digital signal processor that communicates with the tags. The middleware is an intermediate layer between the RFID readers and the enterprise application systems (Wang et al., 2010) . It is used for reader and device management to provide a common interface to configure, monitor, deploy, and issue commands directly to readers (Curtin et al., 2007; Sweeney, 2005) . RFID system is always connected to an enterprise application system for data processing in support of business activities (Wang et al., 2010) .
Though RFID is a relatively new technology, many companies have recognised the potential of this technology for handling the complexity of globalisation and for creating a balance between cost and performance in supply chains. This has also arose interest in this technology among consultants, academics and researchers worldwide, which is indicated by the increasing volume of articles on the subject in trade publications and scholarly journals (e.g., Chen et al., 2012; Riedel et al., 2008; Lee et al., 2013; Li et al., 2010; Poon et al., 2009; Tan and Chang, 2010; Sundaram et al., 2010) . Li et al. (2010) classified the literature of RFID into three areas: RFID general overview, analytical studies, and empirical studies. General overview of the literature covers the applications of RFID in supply chains, challenges and strategies of RFID (Spekman and Sweeney, 2006; Twist, 2005; McFarlane and Sheffi, 2003) . Analytical studies on RFID cover financial implications and inventory issues in various sectors including manufacturing and distributions (Ozelkan and Galambose, 2008; Ustundag and Tanyas, 2009) . Empirical studies includes cases of Wal-Mart (Hardgrave et al., 2008a; , Sainsbury's (Karkkainen, 2003) , Volvo (Holmqvist and Stefansson, 2006a,b) , Hong Kong aircraft engineering company (Ngai et al., 2007) and many others.
A notable absence in the above literature is the focus of RFID on the logistics sector. Specifically, there is no prior research that attempted to understand the adoption of RFID technologies in the UK logistics sector from the theoretical lens of technology acceptance model (TAM). This study attempts to fill this gap.
Theoretical background and hypothesis development
Technology adoption in any company is normally based on two important criteria: usefulness of the technology to the organisation and the ease of use of the technology (Davis et al.,1989; Hossain and Prybutok, 2008; Muller-Seitz, et al., 2009; Pai and Huang, 2011) . Recently, it has been applied to the introduction of healthcare information systems (Chong and Chan, 2012; Pai and Huang, 2011) . RFID technology is being used widely in many university libraries (Hossain and Prybutok, 2008) , and also in the German electronic retail sector (MullerSeitz et al., 2009) . TAM, in its original form, assumes that perceived usefulness and perceived ease of use are main factors in persuading the adoption of a new technology (Davis et al., 1989; Yi and Hwang, 2003) . Venkatesh and Davis (2000) later discussed a revised and upgraded TAM to include the intention to use as another factor. Additionally, in Hossain and Prybutok's (2008) study, the TAM was extended by adding perceived cultural influence, perceived privacy, perceived regulations' influence, and perceived security to the model.
The literature generally has confirmed a close association between usefulness/ease of use and adoption. For example, Pai and Huang's (2011) research on the use of healthcare information system pointed out that the relationship between perceived usefulness and users' intention to use is positive. Muller-Seitz et al. (2009) also found that the better the perceived usefulness of RFID in retailing, the better the customer acceptance of RFID. This is because if the RFID technology leads to reduced costs and time, improved security of cargos, accuracy of stock records, tracking of containers and efficiency, and some other benefits to the users, the perceived usefulness is likely to be high (Muller-Seitz et al., 2009) . Also, people tend to use RFID if it is easy to use, less stressful or less complex to use and easy to integrate with company's existing information infrastructure (Muller-Seitz et al., 2009; Pai and Huang, 2011) . In this study, we have combined the ideas of ease of use and usefulness of RFID technology as a single factor, namely usability, and posit our first research hypothesis.
H1: Usability of RFID technology will have a positive impact on its adoption.
Although many companies will try and adopt RFID if the technology makes running of the business easy, there are other external factors which may slow down or otherwise affect the adoption of this technology. We specifically focus on three important moderators here.
Our first factor is the size of the company. Smaller companies may not have sufficient resources to invest in newer technologies such as RFID, which may limit the usability of the technology and impact adoption adversely. This moderating role of the size of the company has been echoed in several previous studies in different research contexts (Anderson, 2003; Zona et al., 2012 ). Thus we feel that the link between usability and adoption of RFID is more effective for bigger companies compared to smaller companies. This is highlighted in the following hypothesis.
H2:
Size of a company will positively moderate the relationship between usability and adoption of RFID.
Our second moderating variable is the experience of a company in using barcode technology, which is a technology closely related to RFID. The barcode technology has been used in the service sector since the mid-1970s (Attaran, 2007) . It is a line-of-sight technology, which means a scanner has to 'see' the barcode to read it (Attaran, 2007) . Barcodes are part of every purchase and have become the ubiquitous standard for identifying and tracking products (White et al., 2007) . However some environmental conditions, such as temperature, dirt or hazardous contamination, can adversely affect the effectiveness of barcode scanning on a label. RFID technology is generally seen as an improvement of barcodes and it is believed that the experience in using barcodes will positively influence the expertise in using RFID (Wyld, 2006) . Based on these observations, we develop our next hypothesis.
H3:
A company's experience in using barcodes will positively moderate the relationship between usability and adoption of RFID.
Government regulations can encourage or discourage the adoption of innovations (Lin and Ho, 2009a) . Government can provide financial incentives and help training manpower with logistics skills for more effective RFID implementation. This was also echoed in preliminary interviews we carried out prior to developing a large scale study. We found that some companies adopted the RFID technology since they received some support from local governments. Thus, we have chosen our third moderating variable -government support. We hypothesise that a higher the level of government support will help in building stronger links between usability and adoption. H4: Government support will positively moderate the relationship between usability and adoption.
Figure 1: Research hypotheses
To test these research propositions H1 -H4, given in Figure 1 , we have used a survey questionnaire to collect data and SPSS to analyse the data.
Research methodology
Data description
We have developed a questionnaire survey based on the literature and preliminary interviews with three local companies. Accordingly, the questionnaire was focused on main elements -usability of RFID, government support, size, barcode use and RFID adoption. A 7-point Likert scale was used for all items in this study, with the responses rated as follows: 1 as strongly disagree, 2 as disagree, 3 as somewhat disagree, 4 as neither agree nor disagree, 5 as somewhat agree, 6 as agree, and 7 as strongly agree. The survey was conducted during JuneAugust 2011 and it was administered in the UK. Contact details of UK Logistics companies whose main activity was logistics and/or related areas were obtained from the Chartered Institute of Logistics and Transport (CILT) in the UK. Specifically, the areas of the chosen companies belonged to one or more of the following: logistics, freight forwarding, warehousing & distribution, couriers/parcels-main distribution, and, haulage contracting & shipping. We focussed on these areas on the basis of recommendations from a related previous study (Riedel et al., 2008) . CILT (UK) is a pre-eminent independent professional body for individuals associated with logistics, supply chains and all transport throughout their careers. CILT (UK) was chosen to be the major source of companies' contact information because its Knowledge Centre has the most comprehensive, accurate and up-to-date database of Logistics companies in the UK. According to their database, there are 71905 companies engaged in the UK logistics industry. Of those 71905 companies, 3533 companies were randomly selected. Cover letters with links to the online questionnaires were emailed to the owners/managers/directors of those 3533 companies. Since the response rate was too low, another 200 companies from the 71905 companies in the UK Logistics industry were randomly selected. Prior to the large scale survey, a pilot test of questionnaires was conducted with academics and selected industry participants. Questionnaires with cover letters and stamped addressed envelopes were mailed to managers/directors of those 200 companies. As an attempt to maximize the response rate, reminders were sent once per fortnight to companies via email during the survey period (i.e. June -August 2011). Consequently, a total of 174 questionnaires (consisting of 11 returned by post and 163 collected online) were received. Eliminating the incompletely filled-in questionnaires, the remaining number of valid questionnaires is a total of 107 (consisting of 4 completed questionnaires returned by post and 103 collected online).
Nearly 74% of the respondent companies were small to medium size companies with less than 250 employees. The largest number of respondents operated in the logistics (40%) business, followed by freight forwarding (20%), and warehousing and distribution business (26%).
To signify the reliability of the survey responses, the current positions of respondents in their companies and the length of working experience in their current position were asked in the questionnaires. The majority of respondents were managers (50%), followed by directors/board members (38%) and other positions (13%) such as company owners, sales assistants, technical assistants, operation supervisors and logistics coordinators. Over 50% of respondents had more than 6 years of working experience in their current position.
Measure purification and descriptive data analysis
Statistical Package for the Social Sciences (SPSS), a computer program for statistical analysis, has been used to run factor analysis, reliability analysis, correlation analysis and regression analysis in this study. Factor analysis (see Table 1 ) has confirmed the presence of three factors 'usability', 'adoption' and 'government support'. The factor 'usability' has 10 questionnaire items. As mentioned in Section 2, the factor 'usability' was usually included as two different factorsease of use and usefulness in several previous research studies (Davis et al., 1989; Venkatesh and Davis, 2000; Hossain and Prybutok, 2008) . The factor 'adoption' has 3 items and the factor 'government support' has 4 items. We have measured the factor 'adoption' using 3 items namely -responsibility of the company in executing the actual adoption of RFID, future plans of company's investment in RFID and current stage of adoption (Riedel et al., 2008) . Similarly 'government support' has been measured using four items, namely finance support, project support, training, and regulatory support (Lin and Ho, 2009b) .
Factor loadings of all the items are above recommended limit of 0.4 (Hair et al., 2006) . Reliabilities of these factors have been measured by Cronbach's alpha (Nunnally, 1978) . All the factors have Cronbach's alpha above 0.65, which is the recommended minimum acceptable value for internal consistency of the measures (Hossain and Prybutok, 2008) . In addition, to examine significant differences among the estimated parameters to the model (i.e., construct validity), we have tested the variance extracted which is within the acceptable range of more than 0.50 (Fornell and Larcker, 1981) ). To verify that the data set is suitable for factor analysis, the Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO) value has been measured. KMO value of 0.50 or above with significant Bartlett's Test of Sphericity value (i.e. Sig. value is 0.05 or smaller) justify the use of factor analysis (Pai and Huang, 2011) . We have also checked the composite reliability to verify discriminant validity. The calculated composite reliability values were above the suggested minimum of 0.65.
To analyse the relationship between the dependent variable (i.e. adoption of RFID) and the independent variable (i.e. usability of RFID), Pearson's product-moment correlation coefficients are used to measure the related index between variables (Pai and Huang, 2011) . Table 2 represents the correlation between dependent (adoption) and independent (usability) variables. This table also includes the factor 'government support' and its correlation with the other two factors. 
Data analysis
Regression analysis is used in this study to evaluate the relationship between the dependent and independent variable, and to test moderation effects. First we have tested the relationship between dependent variable (adoption of RFID) and independent variable (usability of RFID). As mentioned in Section 3.1, our responding companies belonged to many sub-sectors of logistics (logistics, freight forwarding, warehousing, etc.), and hence we have controlled for the effect of these sub-sectors using 'business' as a dummy control variable. For the regression discussed below, we first carried out the usual tests to check whether the assumptions of regression are valid for the data. We have tested for normality assumption of the error terms and checked for multi-collinearity and heteroskedasticity. We have verified and found that all assumptions for regression are satisfied. There was no evidence of multi-collinearity with all variable-inflation factors below the threshold of 10 (Hair et al., 2006) . Table 3 shows the significant positive impact of usability (the independent variable) on adoption (the dependent variable). This proves our first hypothesis that the usability of RFID technology will have a positive impact on adoption of RFID.
To verify the moderating roles of size, barcode and government support, we employed moderated regression analysis. This involved running regressions in two stages (Li and Atuahene-Gima, 2001; Hair, et al., 2006) . In the first stage, the dependent variable (adoption) was regressed with usability, the control variable (business), and the three moderator variables (size, barcode and government support). In the second stage, we repeated the same regression but this time with the incorporation of interaction variables (i.e., usability  size, usability  barcode, and usability  government support) involving the three moderators. Size has been measured in four categories based on the number of employees (<50, 50-249, 250-499 and >500). Bar code is a Yes or No variable.
Like the case of the previous regression, we carried out the usual tests to verify the assumptions of regression. Though all other assumptions are satisfied, there was evidence of multi-collinearity with variable-inflation factors (VIF) for two of the three product-terms (usability  size and usability  barcode) above the threshold of 10 (Hair et al., 2006) . To overcome this problem we employed an orthogonalizing procedure, which is based on replacing the interaction term with related residuals (Saville and Wood, 1991) . To orthogonalise the interaction variable usability x size, we first ran a simple regression with this product-term (i.e., usability  size) as the dependent variable, and, usability and size as the independent variables. The unstandardized residual of this regression was used as a "true" measure of the interaction, replacing the product-term in the moderated regression. The other product term (usability  barcode) was also orthogonalised similarly. Inclusion of the orthogonalized product-terms reduced the VIF value to well within the acceptable limits, and did not affect the values of coefficients or their levels of significance.
The hypothesised moderating effects are validated by comparing the differences in the explanatory power (i.e., R 2 ) of the Stage 1 and Stage 2 regressions. If the difference between the R-squared values is statistically significant, the moderating effects are confirmed. The significance of the moderating effects of each of the three moderators is verified by looking at the significance of corresponding product-term. Results are shown in Table 4 .
The results show that the difference in R 2 between Stage 1 regression and Stage 2 regression is highly significant at 1% level, demonstrating significant moderating effects. However, looking at the individual product terms, two (size and barcode) of the three moderators are not significant. Thus our results show that size of a company or the experience it has with barcode technology do not influence the usability and its link to the level of adoption of RFID. Thus our hypotheses H2 and H3 are not supported. Our results show that government support has strong moderating links, thereby strongly supporting H4. 
Discussion and managerial implications
Using the analysis of survey data, we have found support for two of the four hypotheses in the context of logistics sector in the UK. We have found that usability of RFID has significant impact on its adoption in the UK logistics sector. We have also found that this relationship is positively moderated by the level of government support but is not moderated by the size of the company or by the experience in using the barcode technology. These results have interesting managerial implications.
Our first finding on the strong relationship between usability (ease of use and usefulness) and adoption has been well documented in prior literature. In our study, we have used the construct of usability because our factor analysis produced a single factor (not two factors namely ease of use and usefulness), but many other studies have represented usability in terms of the two sub-factors. As we discussed in our literature survey, many studies that employed TAM (e.g., Pai and Uhang, 2011; Muller-Seitz et al., 2009) have confirmed the relationships between ease of use/usefulness and adoption of innovations.
However, the real contribution of our work lies in understanding the moderating influence of size, experience in using barcodes and government support. We have found that government support is a significant moderator. This is illustrated in Figure 2 . This figure sketches the moderating effect of government support using the results of Table 4 . With a higher level of governmental support, the relationship between usability and adoption increases at a higher rate as usability increases. In contrast, with low or no governmental support, the relationship increases at a lower rate as usability increases. Thus, higher level of government support helps logistics firms to convert the usability of RFID into greater levels of adoption. Figure 2 , there is a tendency for UK logistics firms to maximise benefits from usability of RFID when there is strong support from government (in the form of suitable regulations or training or funding). On the other hand, when there is insufficient help from the government, firms are not able to gain benefits from RFID even if they are positive about the usability of the technology. Though this is a new finding in the context of RFID and in the context of UK logistics, similar findings are available in the literature for other contexts (e.g., Mowery, 1983; Narin et al., 1997) . Thus our study highlights the need for the government to help firms to fully utilise the potential of RFID. This result also highlights the important roles organisations such as the CILT and Universities can play in securing government support and passing the benefits to logistics firms. These organisations can secure funding from the government and organise training programmes regularly for the benefit of logistics firms. Government can also initiate further relevant research and development in RFID to help overcome any specific user-oriented issues (e.g., high cost).
We have found that size does not moderate the relationship between usability and adoption. Both small and large firms seem to enjoy the same level of benefit from RFID. This is an interesting finding of our paper. This finding will be encouraging news for small logistics firms as there does not seem to be any advantage enjoyed by large firms in harnessing the benefits of RFID. The absence of moderating role of size is contrary to some studies presented in the literature. For example, Swamidass and Kotha (1998) have found a weak moderating relationship of firm size on the relationship between advanced manufacturing technology use and performance in the context of 160 manufacturing firms in the US. It may be noted that the results of Swamidass and Kotha (1998) are more than ten years old and it is reasonable to believe that technology advancements have helped to reduce the initial costs of advanced technologies, reducing the impact of firm size. These technological developments are clearly evident in the case of RFID technologies, whose costs have drastically come down (Bunduchi et al., 2011; Smart et al., 2010) .
Adoption Usability
Perhaps the most surprising finding of our study is the absence of influence of experience in using barcodes on RFID usability-adoption link. This shows that the positive impact of usability of RFID on its adoption does not change whether the firm had previous experience with barcode technology or not. An experienced user of barcode may find many new uses of RFID, especially in the logistics sector. Such innovative uses of RFID in logistics include the ability to automatically detect and track items for more efficient inventory management, ability to track trucks using geographical positioning systems, ability to mix different items in a truck or in a warehouse since they can be easily separated with RFID information (Asif and Mandviwalls, 2005) . Other innovative uses of RFID such as increased security control capabilities (Huber et al., 2007) are also important. Barcodes do not offer any security capability (Huber et al., 2007) . In contrast, a user with limited experience with barcodes can consider adopting RFID for both conventional uses and for novel uses.
We believe that the absence of moderating role of barcode experience could indicate that the two technologies should be viewed as complementing rather than one replacing the other. RFID can be used only in applications where barcodes are not very useful. In applications where both technologies can be used, the choice of either technology may be made based on cost considerations and/or complementary uses. This view is consistent with similar observations in earlier studies (e.g., Nemeth et al., 2006 ) that the barcode system will not be replaced anytime soon as it is firmly implanted in all industries and hence both barcodes and RFID systems have to exist in parallel for a long time in future.
Conclusions and future work
In this era of technology innovation, many sophisticated and easy to use technologies are available to businesses. RFID is one such modern technology helping many businesses. Specifically, RFID is useful in the logistics sector in improving efficiencies of tracking, warehousing, loading and unloading, etc. Although initial investment of this technology is higher than that of other similar technologies (such as barcode), the range of coverage by RFID is much larger. Since RFID technology has been regarded an important technology that can provide strategic and operational advantages, it is necessary to understand what determines RFID adoption in the logistics industry. In this paper, we described such a study based on a survey questionnaire to understand the usability of the RFID to the UK logistics. With the help of CILT, we disseminated the survey questionnaire to companies in the UK logistics industry.
Our data analysis using regression analysis has shown that usability of RFID technology positively influences its adoption. This findings leads to another futuristic view of RFID that training on RFID will improve the knowledge of user and hence can encourage the logistics companies to adopt RFID. We have tried to verify the moderating effect of size of the company in the relationship between usability and adoption of RFID. Our result has not supported this hypothesis (H2). We can claim that the size of the company (number of employees) is not a criterion to be considered for adoption of RFID. This is an important contribution of this paper. We have also found that previous experiences of a firm in using barcodes do not moderate the positive relationship between usability and adoption. We can interpret this result in such a way that awareness on RFID usability can help the businesses to adopt irrespective of their previous knowledge on specific technology. Our data analysis has supported the positive moderating effect of government support in the relationship between usability and adoption of RFID. Different forms of support from the Government, such as finance, new projects, training and simple regulations, can help the company in adopting the new technology, RFID in the UK logistics sector.
In this study, we have used the underlying theory 'technology acceptance model' to test the adoption of RFID in the UK logistics sector in general. We have not considered the influence of service types of logistics companies on the adoption of RFID technology. Future study can include the types of services and study the effects of technological, organizational, and environmental factors on the adoption of RFID technology in UK logistics industry (Lin and Ho, 2009a) . We have carried out the survey with limited number of small-sized or mediumsized companies and this can be extended to large companies. We focussed on the UK for our study but similar studies can be conducted for other geographical regions in the future.
